The Role of Praseodymium in Y1Ba2Cu3O7 High Temperature Superconducting Compounds by Dole, B N et al.
Indian J. Phys. 7 S A  (4 ) . 3 4 3 -3 4 5  (2 0 0 1 )
U P  A
an international journal
The role of praseodymium in YjBajCUjO, high temperature 
superconducting compounds
B N  D o le , R  R  K o ih a w a le  S S S h a h *
Department of Physics, Dr B A M|lrathwada University,
Aurangabad-431 004, Maha^shtra, India
E-mail . sss phy@mailc|cite.com
Abstract : Praseodymium is playing very interesting role in Y,Ba,CUjO,, high superconducting compounds when yttrium is partly replaced by 
piaseodymium. Superconductivity is suppressed as Pr content is increased, there is no unique agreement in experimental results about the role of Pr in 
!lu‘sc compounds. XRD and Neutron Diffraction work is done on these compounds when yttrium is replaced upto 50% by Pr. Samples were prepared 
by solid state reaction method and chemical route. The XRD and ND results on lattice parameters, orthorhombocity are reported in those samples and 
(hr ()l).served differences in these results arc discussed. The possible existence of Pr in 3+ and 4-4- valence states is discussed on the basis of XRD. lattice 
parameter variations and orthorhombocity. The results indicate that the pre.scnce of praseodymium is in 3-^  state Decreasing in puckering and increase 
in Cud) - 0(4) bonds is responsible for suppression of T
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1 . In tro d u c tio n
li is w ell k n o w n  th a t s u b s t i tu t io n  o f  P r  in  Y B a ^ C u ^ O ^ ^  h ig h  
su p erco n d u c tin g  c o m p o u n d s  s u p p r e s s e s  th e  su p e rc o n d u c tiv i ty  
while o th e r ra re  e a r th  c o m p o u n d s  a f f e c t su p e rc o n d u c tiv ity  w h ile  
o ih c t r a r e  e a r t h  c o m p o u n d s  a f f e c t  s u p e r c o n d u c t i v i t y  
in s ig n ifican tly . T h e  a b s e n c e  o f  s u p e r c o n d u c t iv i ty  in  a b o v e  
com pounds h a s  a t t r a c te d  a  lo t  o f  a t te n tio n  o f  r e s e a rc h e rs . T h e  
Hall e ffec t, m a g n e t ic  s u s c e p tib i l i ty  a n d  c h e m ic a l  s u b s ti tu tio n  
studies s u p p o r t th e  s u b s t i tu t io n  o f  P r  in  44- v a le n c e  s ta te  is 
responsib le fo r  th e  s u p p r e s s io n  o f  . H o w e v e r , c ry s ta l  f ie ld  
theories, b a n d  s tu d ie s  a n d  X -ra y  s tu d ie s  g iv e  s u p p o r t  to  P r  
substitution c o n s is te n t  w ith  Pr^"^ f o r  Y ttr iu m . T h e  v a r ia tio n  o f  
with P r s u b s ti tu tio n  w a s  e x p la in e d  b y  m a g n e t ic  p a ir  b re a k in g  
theory an d  h o le  lo c a l is a t io n  a re  s im u l ta n e o u s ly  re s p o n s ib le  fo r  
su p p re ss io n  in  th e s e  c o m p o u n d s .  W e h a v e  c h a ra c te r i s e d  
these sa m p le s  b y  X - ra y  d if f r a c t io n  a n d  N e u tro n  d if f ra c t io n  an d  
tried to  u n d e rs ta n d  th e  p ro b le m .
2* Experimeiital details
Tlie sam p le s  Y , ^^ Pr^  ^B a 2C u 3 0 -7  g w ith  c o m p o s it io n s  a := 0 .0 ,0 .1 ,  
^ 2 ,0 .3 ,0 .4  a n d  0 .5  w e re  p re p a r e d  b y  s o l id  s ta le  re a c t io n  ro u te  
tind c h e m ic a l ro u te  [1 -5 ] . T h e  s o l id  s ta te  r e a c t io n  ro u te  is  w e ll 
know n a n d  u s u a l ly  e m p l o y e d  f o r  th e  p r e p a r a t i o n  o f  th e
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su p e rc o n d u c tin g  s a m p le s . H e re , th e  o th e r  a n d  im p o r ta n t ro u te  
is u se d  fo r  th e  p ro c e s s in g  o f  th e  s a m p le s  k n o w n  a s  c h e m ic a l 
ro u te . F o r  th e  s in te r in g  p u rp o s e  o f  th e  s a m p le s , w c  h a v e  u sed  
p ro g ra m m e d  c a rb o lite  fu rn a c e . T lic  a p p ro p r ia te  m ix tu re s  o f  h ig h  
p u rity  (A ld r ic h  m a d e  9 9 .9 9 % )  Y 2 0 ,^ B a C O ^ , Pr^,Ojj a n d  C u O  
w e re  u sed . T h e  p o w d e rs  w e re  m ix e d , g ro u n d  a n d  c a lc in e d  a t
i
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Figure 1. X-ray diffraction pattems of Y, ,Pr^BajCu,0,^ samples, prepared 
by solid state reaction route.
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910®C fo r  2 4  h  in  air, s e c o n d ly  c a lc in e d  a t 920*^0 fo r 2 4 h  an d  
s in te re d  a t  930®C fo r  2 4  h  w ith  in te rm e d ia te  g rin d in g s . T h e  
sa m p le s  w e re  p re s se d  in to  p e lle ts . T h e se  p e lle ts  w e re  a n n e a le d  
in o x y g en  a tm o sp h e re  fo r  2 4  h  a t 9 2 ( f C  fo llo w ed  by s lo w  co o lin g  
a t P C /m in . to  4 5 0 °C  w h e re  th ey  re m a in e d  fo r 16h b e fo re  a  final 
c o o lin g  to  ro o m  te m p e ra tu re  a t l^'CVmin.
3. Results and conclusion
T h e  X -ra y  d if f ra c t io n  p a tte rn s  o f  th e  sy s te m  Y j^P r^B a^C u^O .^^  
w ith  X =  0 .0 , 0 .1 , 0 .2 , 0 .3 , 0 .4  a n d  0 .5  w e re  ta k e n  as  sh o w n  in 
F ig u re  1 w h ic h  is p re p a re d  b y  so lid  s ta te  re a c tio n  m e th o d  an d  
c h e m ic a l ro u te  a s  sh o w n  in F ig u re  2. T h e  X -ra y  p a tte rn s  sh o w
Figure 2. X-ray diffraction patterns of Y, ^Pr Ba,Cu,0,^ samples, prepared 
by chemical route.
Figure 3(a). Samples prepared by solid state reaction method and data is 
taken from XRD. Lattice parameter a is increasing white b is nearly 
constant.
th a t th e  s a m p le s  a re  w e ll p re p a re d  a s  sh o w n  in  F ig u re s  3 (a h) 
p re p a re d  b y  so lid  s ta te  re a c t io n  ro u te . T h e  v a ria tio n  o f  latucj! 
p a ram e te rs  a, b an d  c w ith  p ra se o d y m iu m  c o n cen tra tio n  indicates 
th a t a in c re a se s  ra p id ly  as  c o m p a re d  to  h. T h e  v a lu e s  o f  lattice 
p a ra m e te rs  a, b an d  c a re  c lo s e  to  v a lu e s  re p o r te d  in  literature 
[6 ]. T h e re  is  c o n s id e ra b le  v a r ia tio n  o f  a a s  c o m p a re d  to  b and ( 
w h ic h  in c re a se s  w ith  p ra s e o d y m iu m  an d  o rth o rh o m b ic iiy  g(XM, 
o n  d e c re a s in g  a s  lis te d  in  T a b le  1 a n d  sh o w n  in  F ig u re  4  with
Table 1. Lattice parameters, volume cell and orthorhombicity of samples 
with corresponding Pr content.
Pr
Cone
Lattice Parameters (A) 
a b c
Volume 
Cell (A)'
Orthorhombiciiv
(b-a)/(a+h)
0.0 3 824 3.886 1 1 682 173.595 0 00804
0.1 3.835 3.888 1 1.706 174.542 0 00686
0.2 3 843 3 892 11.748 174.714 0 006.11
0.3 3.858 3.895 1 1.753 175.998 0.00594
0 4 3.865 3.899 11.754 177.144 0.00437
0 5 3.882 3 900 11 756 177.986 0 002.31
p ra s e o d y m iu m . C o m p a r in g  th e  io n ic  ra d ii [7] o f  Pr^^ and 
w ith  o n e  can  c o n c lu d e  th a t p ra s e o d y m iu m  g o e s  to  Y  site m 
Pr^'^ sta le  ra th e r th an  in Pr"^ s ta te  u p  to  x =  50% . I f  praseodym ium  
is in Pr*^  ^s ta te , th e  v a ria tio n  o f  a, b an d  c sh o u ld  sh o w  decreasing
o
0.2 0 3 0.4 0.5
Pr concentration
Figure 4. Pr concentration v,v orthorhombicity of Y, ^Pr^Ba^Cu/h, 
samples.
tre n d  o r  d e c re a s e  a t le a s t a f te r  .x* =  0 .5  w h e re  sup erco n d u ctiv ity  
is to ta lly  lo s t fo r  .r =  0 .5 5  [8 ]. R e su lts  o f  n eu tro n  d iffrac tio n  shou 
th a t sa m p le s  a re  w e ll p re p a re d  w ith  c o rre c t o x y g e n  co n ten t with 
v e ry  little  im p u rity  p h a se s . P ra s e o d y m iu m  c o n te n t is almost 
ex ac t. F ro m  th e  b o n d  le n g th s  (T ab le  2 ) an d  p a rtic u la rly  from  Ba
1.945
F lgurt S(1i), Pr concei^ntioii vs lattice parameter c of Y^^Pr^Sa^Co,
P lfo r t 5. Pr ccmceotniioo vi Ea-0(2) tfittaocei.
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Table 2. Bond distances in A (estimated from X-iay studies)
345
Bond
Pr content
00 0 1 0 2 0.3 0 4 0.5
Ba -  tXl) ^2 2.«53(3) 2.855(3) 2.849(3) 2.863(3) 2 848(3) 2.857(3)
Ba -  0(2) M 2.730(1) 2.740(1) 2.741(1) 2 749(1) 2 746( 1) 2 753(1)
Ba -  0(3) *2 3.034(9) 3 060(9) 3.019(6) 3 060(9) 3.032(9) 3.040(9)
Ba -  0(4) *2 2.960(9) 2 970(9) 2.971(7) 2 941(9) 2 949(9) 2 960(9)
Y -  0(3) M 2.376(7) 2.370(7) 2.407(4) 2 381(7) 2 404(6) 2.403(7)
Y -  0(4) *4 2.393(8) 2 403(7) 2 406(5) 2.439(7) 2 435(6) 2.436(6)
0(2) distances, it is clear that puckering goes on decreasing as 
bond length Ba-0(2) goes on increasing as shown in Figure 5. 
Tlie suppression of is related with the decrease in puckering. 
The distance of centre of puckered plane is square root of | [(Ba- 
0(2)P"(b/2)^) away from the yttrium. The neutron diffraction 
data of our samples is taken from DHRUVA reactor, Mumbai. 
Also from Neutron diffraction, wc sec the increasing trend in Y-
2.450
decr<|asing in puckering and increase in C u (l) - 0(4) bonds is 
respc^sible for suppression of 7  . The results indicate that the 
p rc s ic e  of praseodymium is in 3+ state. It is necessary to work 
for simples with jr = 0.6 to 1.0.
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